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Art Unit: 2687 

SUPPLEMENTARY EXAMINER'S AMENDMENT 

1. Please replace all claims as shown below. 



1. (currently amended) A method for use in a wireless communication 

system, the method comprising: 

outputting at least one signal suitable for causing a smart antenna to transmit at 
least one complementary beam , said at least one signal being operativelv configured 
to cause said smart antenna to perform single beam complementary beamforming 
(SBCBF); 

causing said smart antenna to transmit said at least one complementary beam 
based on said at least one signal: and 

configuring said at least one signal to cause said smart antenna to perform said 
SBCBF bv transmitting energy at a detectable transmit power level in all smart 
antenna-supported directions while substantially preserving a shape of at least one 
main transmit beam having a transmit power level that is significantly greater than 
said detectable transmit power level, said SBCBF being operativelv performed bv 
said smart antenna that is operativelv associated with a base station within a 
wireless communication system, said base station including a Butler matrix network 
configured to form said at least one main beam using said smart antenna, and 
further configured to provide at least one of post-combining SBCBF or pre- 
combining SBCBF . 
2-8. (canceled) 

9. (currently amended) Th e m e thod as r e cit e d in C l aim 1 . wh e r ei n A method 
for use in a wireless communication system, the method comprising: 
outputting at least one signal suitable for causing a smart antenna to transmit at 
least one complementary beam, said at least one signal is being operatively 
configured to cause said smart antenna to perform subspace complementary 
beamforming (SCBF) . and said at least one signal including N-K data streams 
operativelv configured to cause said smart antenna to transmit energy in at least one 
side lobe: 

determining said at least one signal bv using a Downlink Beamforming Matrix: 
W = UAV H i 

determining said at least one signal bv using a Steering Matrix: 

A = [a{6 x ) a{6 2 ) •■■ a(0 K S[ . wherein a(6, r ) represents a steering vector of user k: 

and wherein: 

\f_W = A'B . where B is a non-singular K-bv-K matrix, then using a complementary 
beamforming matrix of 
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wherein Q = Nc^ is the level of the main lobe, £ 0 is the scaling factor and u, is the /- 
th column vector of U , 

otherwise using a complementary beamforming matrix of 



wherein a, is the Mh left singular vector of the matrix 

f N \ 

UA * = UAV" . and A' = UAV" is assumed, and in scattering channel 

\l=K+\ J 

H' = UAV" is assumed . 

10. (original) The method as recited in c[[C]]laim 9, further comprising: 
determining said at least one signal by selectively modifying a weight matrix to 
operatively support said SCBF. 

11. (original) The method as recited in c[[C]]laim 9, further comprising: 
determining said at least one signal by selectively expanding a size of a weight 
matrix to operatively support said SCBF. 

12-15. (canceled) 

16. (currently amended) The method as recited in c[[C]]laim 45 9, wherein it is 
assumed that 2K<N, 



W a =[w A-\=U a A a V a ",andW< = ^[u a , r+i u a , +2 - u a J, 



and wherein ris rank of W a . 
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17. (currently amended) Th e m e thod as r e c i t e d in Claim 1 . wh e r ei n A method 
for use in a wireless communication system, the method comprising: 

outputting at least one signal suitable for causing a smart antenna to transmit at 
least one complementary beam, said at least one signal is being operatively 
configured to cause said smart antenna to perform complementary superposition 
beamforming (CSBF) ; and 

determining said at least one signal by using a downlink beamforming matrix: 
W = [h>, ••• w k . x w k w k+l ■•• Wf,] . where w k = + W c p and d is complex 

conjugate transpose of the /-th row of W c . p 0 = is normalized complex 

' k'l 

conjugate of the /-th element of n> t . 

18. (canceled) 

19. (currently amended) The method as recited in c[[C]]laim 48 17, wherein 
W c is associated with subspace complementary beamforming (SCBF). 

20. (original) The method as recited in c[[C]]laim 17, further comprising: 
determining said at least one signal by using W = [h>, m> 2 •■• w K W c p\. 

21 . (original) The method as recited in c[[C]]laim 17, further comprising: 
determining said at least one signal by using a null-generation technique that is 
configured to generate L nulls at angles 0 l ,0 2 ,---,0 L at a beam. 

22. (original) The method as recited in c[[C]]laim 17, further comprising: 
determining said at least one signal by using A = [a(0 t ) a(0 2 ) •■■ a(0 L )\. 

23. (original) The method as recited in c[[C]]laim 17, further comprising: 
determining said at least one signal by projecting w onto orthogonal complement 
subspace of column space A* . 

24. (original) The method as recited in c[[C]]laim 17, further comprising: 
determining said at least one signal by using a vector: w = (l-P s )w where 

P s =A , (A T A'YA r , and in scattering channel P s = H'(h t H*) 1 H t . 

25. (original) The method as recited in c[[C]]aim 17, further comprising: 
determining said at least one signal by using a null-widening technique that is 
configured to produce at least one null at a vicinity of selected angles. 
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26. (original) The method as recited in c[[C]]laim 17, further comprising: 
determining said at least one signal by selectively modifying a steering matrix to: 

A = [a(0 x ) a(0 2 ) ••• a(0 K )] 

wherein a(9 k ) = [a(0 k - A0,) a(0 k ) a{0 k + A9 r )] . 

27. (original) The method as recited in c[[C]]laim 17, further comprising: 
determining said at least one signal by establishing at least two nulls such that a 
rank of A is less than N. 

28. (original) The method as recited in c[[C]]laim 17, further comprising: 
determining said at least one signal by using adaptive control of a complementary 
beam level. 

29. (original) The method as recited in c[[C]]laim 17, further comprising: 
determining said at least one signal by, in a non-zero angular channel, selectively 
reducing a complementary beam level. 

30. (original) The method as recited in c[[C]]laim 17, further comprising: 
determining said at least one signal by, for delay spread channels, selectively 
reducing a complementary beam level. 

31. (original) The method as recited in c[[C]]aim 17, further comprising: 
determining said at least one signal by, in free space, selectively increasing the 
complementary beam level. 

32. (original) The method as recited in c[[C]]aim 1, wherein outputting said at 
least one signal suitable for causing said smart antenna to transmit at least one 
complementary beam further includes: 

using a zero-forcing beamformer to output said at least one signal. 

33. (original) The method as recited in c[[C]]laim 1 , wherein outputting said at 
least one signal suitable for causing said smart antenna to transmit at least one 
complementary beam further includes: 

using a maximum SINR beamformer to output said at least one signal. 
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34. (currently amended) Th e method as recited in C l aim 1 , wh e r ei n outputt i ng 
said at le ast on e s i gna l suitab le for causing sa i d smart ant e nna to transm i t at le ast 
on e compl e m e ntary b e am furth e r i nclud e s: 

A method for use in a wireless communication system, the method comprising: 
outputting at least one signal suitable for causing a smart antenna to transmit at 
least one complementary beam, wherein said outputting includes selectively 
constructing a plurality of matrices Zi, Zi, ...,Zl, where L is a length of a downlink 
transmission period, such that said plurality of matrices satisfy at least one property 
selected from a group of properties comprising: 

(a) for all 1< i<L , a matrix Z, is a x m matrix whose rows are in a set {0, 
±U?,±U? ±U" m _ k _ x ); 

(b) if L is even, then, Z 2 = -Zi, Z 4 = - Z 3 Z L = - Z L .\\ 

(c) if L is odd, then Z 2 = -Z^ , Z 4 = - Z 3 , . . . , Z LA = - Z L . 2> Z L = 0; and 

(d) each element +U" , -U" , +U" , -U" +£/"_*_, , -U"_ k _ { appear p times in a 

list of Lk rows of Zi , Zi Z L for some positive integer p. 

35. (original) The method as recited in c[[C]]laim 34, wherein rows of Z 2i _, are, 

respectively, , U" mi U"_ m and where /© j denote (/' + J) mod (m-k) for / = 1 , 

2, 3 [L I2\ and wherein Z 2( =-Z 2M . 

36. (original) The method as recited in c[[C]]laim 34, further comprising: 
using as a beamforming matrix: 



S' = 



where s >0 is a fixed positive number. 

37. (original) The method as recited in c[[C]]laim 36, wherein said 
complementary beam is configured to cause a loss of at most 10 log 10 (l+|£:| 2 ) in a 
received signal for an intended recipient. 



Application/Control Number: 10/700,991 



Art Unit: 2687 



Page 7 



38. (original) The method as recited in c[[C]]laim 36, wherein said 
complementary beam is configured to direct a portion: 




of a resulting transmitted power to another recipient whose spatial signature is 

B={b x ,b 2 ,...,b m ) . 

39. (original) The method as recited in c[[C]]laim 1 , wherein outputting said at 
least one signal suitable for causing said smart antenna to transmit at least one 
complementary beam further includes: 

outputting said signal based on at least a complementary beamforming matrix at 
time t given by: 



40. (original) The method as recited in c[[C]]laim 1 , wherein outputting said at 
least one signal suitable for causing said smart antenna to transmit at least one 
complementary beam further includes: 

outputting said signal based on at least matrices P 0 ,P x ,...,P m _ k having rows, 
respectively, U" ,U" ,...,U"_ k and wherein a fixed beamforming matrix is given by: 




sJ(a»aY A" ;^Tr((A"A)-y±e m £p t 
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41 . (currently amended) An apparatus for use in a wireless communication 
system, the apparatus comprising: 

a smart antenna operativelv coupled to receive at least one signal and configured to 
transmit at least one complementary beam based on said at least one signal: and 
circuitry configured to output said at least one signal suitable for causing [[a]] the 
smart antenna to transmit said at least one complementary beam , said at least one 
signal being operativelv configured to cause said smart antenna to perform single 
beam complementary beamforming (SBCBF), said at least one signal being 
configured by said circuitry to cause said smart antenna to perform said SBCBF by 
transmitting energy at a detectable transmit power level in all smart antenna- 
supported directions while substantially preserving a shape of at least one main 
transmit beam having a transmit power level that is significantly greater than said 
detectable transmit power level, said smart antenna being operativelv associated 
with a base station within the wireless communication system, said base station 
including at least a portion of said circuitry which includes a Butler matrix network 
configured to form said at least one main beam using said smart antenna, and said 
Butler matrix network being configured to provide at least one of post-combining 
SBCBF or ore-combining SBCBF . 

42-48. (canceled) 

49. (currently amended) Tho apparatus as roc i tod i n C l a i m 41, wh e r ei n An 
apparatus for use in a wireless communication system, the apparatus comprising: 
circuitry configured to output at least one signal suitable for causing a smart antenna 
to transmit at least one complementary beam, said at least one signal is being 
operatively configured to cause said smart antenna to perform subspace 
complementary beamforming (SCBF l and said at least one signal including N-K 
data streams operativelv configured to cause said smart antenna to transmit energy 
in at least one side lobe: wherein: 

said circuitry is configured to determine said at least one signal bv using a Downlink 
Beamforming Matrix: W = UAV" : 

said circuitry is configured to determine said at least one signal bv using a Steering 
Matrix: A = \a(0,) a(0 2 ) — a(0 K )] . wherein a(0 lr ) represents a steering vector of 
user k: and wherein: 

if_JF = A'B . where 8 is a non-singular K-bv-K matrix, then said circuitry is configured 
to use a complementary beamforming matrix of 



wherein C = Afc n is the level of the main lobe. k 0 is the scaling factor and u, is the /- 
th column vector of U . 

otherwise said circuitry is configured to use a complementary beamforming matrix of 




u 




Application/Control Number: 10/700,991 Page 9 

Art Unit: 2687 



wherein u f is the /-th left singular vector of the matrix 



YjUfii* UA ° = UAV H , and /I* = UAV H is assumed, and in scattering channel 
/f * = UAV H is assumed . 

50. (original) The apparatus as recited in c[[C]]laim 49, wherein said circuitry is 
configured to determine said at least one signal by selectively modifying a weight 
matrix to operatively support said SCBF. 

51. (original) The apparatus as recited in c[[C]]laim 49, wherein said circuitry is 
configured to determine said at least one signal by selectively expanding a size of a 
weight matrix to operatively support said SCBF. 

52-55. (canceled) 

56. (currently amended) The apparatus as recited in c[[C]]laim §§ 51 , wherein 
said circuitry is configured such that 2K</V, 



W a = [fV A*\=U a A a V?,andW c =^[u Qtr+l u a ^ 2 ... n a J, 



and wherein ris rank of W a . 
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57. (currently amended) Th e apparatus as r e c i t e d i n Claim 41 , wh e r e in An 
apparatus for use in a wireless communication system, the apparatus comprising: 
circuitry configured to output at least one signal suitable for causing a smart antenna 
to transmit at least one complementary beam, said circuitry is being configured such 
that said at least one signal causes said smart antenna to perform complementary 
superposition beamforming (CSBF) ; and wherein 

said circuitry is configured to determine said at least one signal by using a downlink 
beamforming matrix: W = [h>, ••• w k _ x w k w k+l ••• w r ] < where 

w k = p 0 w k +W c p and o is complex conjugate transpose of the /-th row of W c , 
* 

p 0 = .— — is normalized complex conjugate of the /-th element of H> t . 

K<l 

58. (canceled) 

59. (original) The apparatus as recited in c[[C]]laim 58- 57, wherein W c is 
associated with subspace complementary beamforming (SCBF). 

60. (original) The apparatus as recited in c[[C]]laim 57, wherein said circuitry is 
configured to determine said at least one signal by using 



61. (original) The apparatus as recited in c[[C]]laim 57, wherein said circuitry is 
configured to determine said at least one signal by using a null-generation technique 
that is configured to generate L nulls at angles 0 X ,9 2 , - ,0 L at a beam. 

62. (original) The apparatus as recited in c[[C]]laim 57, wherein said circuitry is 
configured to determine said at least one signal by using 



63. (original) The apparatus as recited in c[[C]]laim 57, wherein said circuitry is 
configured to determine said at least one signal by projecting w onto orthogonal 
complement subspace of column space A" . 

64. (original) The apparatus as recited in c[[C]]laim 57, wherein said circuitry is 
configured to determine said at least one signal by using a vector: w = (l-P s )w 

where P s =a\a t A') x A T , and in scattering channel P s =H'(h t H'Yh t . 





A = [a(G x ) a{6 2 ) - a(0 L )]. 
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65. (original) The apparatus as recited in c[[C]]laim 57, wherein said circuitry is 
configured to determine said at least one signal by using a null-widening technique 
that is configured to produce at least one null at a vicinity of selected angles. 

66. (original) The apparatus as recited in c[[C]]laim 57, wherein said circuitry is 
configured to determine said at least one signal by selectively modifying a steering 
matrix to: 

A = [a(0 x ) a(0 2 ) - a{0 K )} 
wherein a(0 k ) = [a(0 k -A0 t ) a(0 k ) a(0 k +A0 r )]. 

67. (original) The apparatus as recited in c[[C]]laim 57, wherein said circuitry is 
configured to determine said at least one signal by establishing at least two nulls 
such that a rank of A is less than N. 

68. (original) The apparatus as recited in c[[C]]laim 57, wherein said circuitry is 
configured to determine said at least one signal by using adaptive control of a 
complementary beam level. 

69. (original) The apparatus as recited in c[[C]]laim 57, wherein said circuitry is 
configured to determine said at least one signal by, in a non-zero angular channel, 
selectively reducing a complementary beam level. 

70. (original) The apparatus as recited in c[[C]]laim 57, wherein said circuitry is 
configured to determine said at least one signal by, for delay spread channels, 
selectively reducing a complementary beam level. 

71. (original) The apparatus as recited in c[[C]]laim 57, wherein said circuitry is 
configured to determine said at least one signal by, in free space, selectively 
increasing the complementary beam level. 

72. (original) The apparatus as recited in c[[C]]laim 41 , wherein said circuitry 
employs a zero-forcing beamformer to output said at least one signal. 

73. (original) The apparatus as recited in c[[C]]laim 41 , wherein said circuitry 
employs a maximum SINR beamformer to output said at least one signal. 



Application/Control Number: 10/700,991 
Art Unit: 2687 



Page 12 



74. (currently amended) Tho apparatus ao roo i tod i n Cla i m 41, wher ei n An 
apparatus for use in a wireless communication system, the apparatus comprising: 

circuitry configured to output at least one signal suitable for causing a smart antenna 

to transmit at least one complementary beam, said circuitry is being configured to 

construct a plurality of matrices Z^.Z, Z L , where L is a length of a downlink 

transmission period, such that said plurality of matrices satisfy at least one property 

selected from a group of properties comprising: 

(a) for all 1< i<L , a matrix Z, is a k x m matrix whose rows are in a set {0, 

±ur±u i H ±c/:. t .,}; 

(b) if L is even, then, Z 2 = -Z\ , Z 4 = - Z 3> . . . , Z L = - Zn ; 

(c) if L is odd, then Z 2 = -Z,, Z 4 = - Z$ Z M = - Z L -z, Z L = 0; and 

(d) each element +U" , -U" , +Uf , -U? +U"_ k . i , -U". k -\ appear p times in a list 

of Lk rows of Zi , Zi , . . . , Z L for some positive integer p. 

75. (original) The apparatus as recited in c[[C]]laim 74, wherein rows of Z 2l _, are, 

respectively, U^, , U" 9i U"_ m and where i®j denote (/' + ;) mod (m-k) for / = 1, 

2,3 [L 12] and wherein Z 2< =-Z 2M . 

76. (currently amended) The apparatus as recited in c[[C]]laim 74 34, wherein 
said circuitry is configurt e d configured to construct a beamforming matrix: 



complementary beam is configured to cause a loss of at most 101og 10 \l+)£| J in a 



where £->0 is a fixed positive number. 



77. (original) The apparatus as recited in c[[C]]laim 76, wherein said 




received signal for an intended recipient. 



78. (original) The apparatus as recited in c[[C]]laim 76, wherein said 
complementary beam is configured to direct a portion: 
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Z-r y=l \ J 



m 



of a resulting transmitted power to another recipient whose spatial signature is 

B=(b } ,b 2 ,...,b m ) . 



79. (original) The apparatus as recited in c[[C]]laim 41 , wherein said circuitry is 
configured to output said signal based on at least a complementary beamforming 
matrix at time t given by: 



S' = 



(A»A)- l A"tfr((A»A)yj-eZ 



80. (original) The apparatus as recited in c[[C]]laim 41 , wherein said circuitry is 
configured to output said signal based on at least matrices P 0 ,P v ...,P m _ k having rows, 
respectively, U" ,U" ,...,U"_ k and wherein a fixed beamforming matrix that is used is 

given by: 



S = 



(A"A)-'A"^Tr((A"A)yj ! ep 



Allowable Subject Matter 

1 . Claims 1. 9. 10.1 1.16.1 7. 19-41.49-51. 56-57 and 59-80 are allowed. 

The examiner's reason for allowing the independent claims 1, 9, 17, 34, 41, 49, 57, 74 
presented is based on Applicant's Remarks filed on 1 1/04/05 and the above examiner 
amendments. 

Regarding claims 32,33,39,40, 10,1 1,16, 19-31, 35-36, 72-73, 50,51,56, 59-71 and 75-80, 
the claims are allowed as being dependent of claims 1, 9, 17, 34, 41, 49, 57 and 74, respectively. 



Application/Control Number: 10/700,991 
Art Unit: 2687 



PageH 



Conclusion 



2. Any comments considered necessary by applicant must be submitted no later 
than the payment of the issue fee and, to avoid processing delays, should preferably 
accompany the issue fee. Such submissions should be clearly labeled "Comments on 
Statement of Reasons for Allowance." 

3. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Dung Lam whose telephone number is 571-272-6497. 
The examiner can normally be reached on Monday - Friday 8AM - 5PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
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